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ABSTRACT To examine the role of aeetykhutinestenise 
(KC 3-1-1 -7) in hematopoietic ccJI proliferation and differenti- 
ation, we HdrnmrAeri'd h 15-nicr pbosphorothioaie oligoniiulc- 
utide, an&wose lo the eurre*yonding ACHE gene (AS- A CHE), 
to primary mouse bone marrow cultures.. Within 2 hr of 
A5-ACHIL addition to Ihe culture, ACTlfc mRNA levels dropped 
bv MMCX;, as compared with those in cells treated with the 
"sense*" oligomer, S-ACHE. Four days after AS-ACIIK treat- 
ment, AC11E mRNA increased to levels 10 -fold highrr lh;m in 
S-ACHE cultures or in fresh l>nne morrow. At this later time 
point, differentia) PCR dispfov revealed significant differences 
between cellular mRNA transcripts in hone marrow and those 
in AS-ACHE- or S-ACHE-traUed cultures. These oJigonuole- ~ 
otide-triggered effects underlay uortsidcj-flhlc alterations al the 
cellular level: AS- ACHE but uol S- ACHE increased cell counts, 
reflecting enhanced proliferation. In the presence nf erythro- 
poietin it also enhanced cotony counts, reflet tirt£ expansion of 
progenitors* A.S-AC'HK further -suppressed apoptvSfis-rdaterl 
fraKTnenlaliun of vdhiUr I>NA in the progeny cells, and it 
diverted bemalopotrsb toward production of primitive blasts 
and macrophages in a dosr-dependem manner promoted by_ 
erythropoietin. These findings suggest that the hematopoietic 
role of acetylcholln esterase, anticipated to be inverse lo Ihe 
observed antbense effects* is to rciiuce proliferation of ihe 
multipotent stem cells committed tu crythropoiesis and mega- 
karyocytopoksis and, macrophage production and to prom ote 
apoptosis in their progeny. Moreover, these findings may ex- 
plain the tumorigeuic association of perturbations in ACHE gene 
expression with~lelikemia7 



In light of the established role of acetylcholinesterase {ace- 
tylcholine ace ty (hydrolase; AcChoEusc, EC 3. LI, 7) in ter- 
mination of neurotransmission f li. the hematopoietic expres- 
sion of I his enzyme {2, 3) has presented an enigma. Accu- 
mulated evidence associates AcChoEase with growth of 
several cell types (4, 5). including hematopoietic cells (2). 
When expressed iti cultured erythrolenkemic cells, AcOho- 
Ea.ve was shown to arrest growth 0)* Moreover, exposure to 
AcClK^Fase -inhibitory insecticides increases [he risk ul' leu- 
kemic Uij. In addition, the hum:m ACHE gent' (7) h subject • 
to incomplete somatic amplification (2) and frequent muta- 
bility (8) in several proliferation disorders in which hemato- 
poietic apoptosis is apparently suppressed. Furthermore, 
the Ac Choline gene maps to the 7q22 chromosomal location 
(10), which is frequently observed to be broken in Icukemias 
{1*. To examine the basis of these phenomena, we employed 
primary mi trine hone marrow cultures as an ex vivo system 
for modulating hematopoietic proliferation and development 
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in rtomransforrned cells, tn such cultures interleukm .\ f IL'3J 
induces expansion of a fraction of the existing plnripuiecit 
stem cells into multipotent progenitors, which can differen- 
tiate into megakaryocyte coJony-forminj> units (CFU-MK) 
composed of granulocytes, megakaryocytes, and! macro- 
phages (11, L2h addition of erythropoietin and transferrin to 
1L-3 and longer incubation limes induce CI*U-GI£MM Colo- 
nies, which contain granulocytes, erythroid cells, megakary- 
ocytes, and macrophages {13). This implies that colony 
coo nt s reflect e x pa n sion a nd su rv i v a t of proge n i tors t hat have 
given rise to progeny, whereas cell numbers reflect prolifer- 
ation rates and differential cell compositions demonstrate 
which cell lineages developed find which were programmed 
to die {9). Interference with expression of hematopoietic ally 
important genes by antisense oligonucleotides (AS-oligos) 
(14) can conceivably alter any or all of the characteristics of 
these cultures, and we have previously .shown that AS-niigns 
targeted to ede kinases (11) and to the ACHE -related gene 
BCJ/L' (1, 2). which encodes butyrylcholtnest erase (EC 
.S), impair rnegakaryocytopoiesis inCFU-MK (11. 12). 
More recently wc-ibund that the ACflk AS-oligo AS-ACf IE. 
hut not the sense oligo iJ-ACHE or the BCHE AS-oligo 
AS-BCUE, caused transient selective destruction of ACHE 
mRNA iff \'t v<j, accompanied by a relative incres'ise in (he 
fraction of myeloid cells 12 days utter treatment (15). This 

"could reflect" expansion of progenitors, which would first he 
evident by an increase in the faster-developing myeloid cell 

-fraction --Additionally ov-alternatively, it could he due to 
enhanced myeloidogenesis or suppressed crythropoiesis. To 
distinguish among these possibilities, and to investigate the 
function of the ACHE gene in hematopoiesis. we adminis- 
tered AS- ACHE vivo and evamined its effects on gone 
expression, expansion of progenitors, and dilTerential cell 
composition of Cf ; U-MK and CFU-GFMM colonies. 

MATERIALS AND METHODS 

Primary hone marrow cells (I x 10 s per ml » from fl- to 
1 2-week old C3 f I / He.l mice were grown as described {11, 1 2) 
for 4 days m lI--3-s"ppl^mvi)ied senun-fiee medium 
{Cl-'U-MK cilitnres) or for H days with the addition to the 
above medium of 2.8 * 10 1 M human transferrin (Boehr- 
inger Mannheim) and erythropoietin (Epo; 1000 units/mg 
protein; Terry Fox l.ahoratories, Vancouver) at 2 units/ml 



Abbreviations: AcChoTia.se. :urclylcholi[ic<lcra.Ne; oligo. oli^o nucle- 
otide; AS-ACHK and S ACHE, antisense and sense AcChoHose 
yrne *>lii;os; AS-BCHR. aniiNcnse hiJlyrylcholirtesreniKc pern: oli.uo: 
CFU-MK. ictejzakuryocyie col<my-ft>nninp onits; CFU-CFiMM. 
pronnlOxytc/crytUrojd ccJI/mcgakoi yooyte/macroplkagc colony • 
fi»rminy units; interleukm »: KfM», L k rylhrnpoiclm: Kl . revrrve 
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(Ci ; U-GKNfM cultures). Liquid cultures were esse mi ally us 
described ill) with modifications noted under Fig. 1. 

AS- ACHE [5'-CTC5CCCririGCCTCAT-3 , > (7. 15 ■ and the 
complementary S-ACHE oltgo were synthesized either in 
fully phosphorothioatcd forms or with three 3 '-terminal in 
icmuclcoiidic phosphorothioiitcs, as* noted. AS-BCHE 
as described (12- 13) except that phosphorothioute- modifi- 
cations were introduced only at the three 3 -lerminal inter- 
nucleotidic bonds to reduce nonspecific toxicity. Oligos were 
mclled fur 5 min al65°C prior to I heir addition to the cultures. 

mKNA encoding erythroid transcription factor GATA-L 
war quantified by reverse transcription (RT)-PCH mRNA as 
detailed (15), using I he following primers (nucleotides 262 
2«4and 761-78*, Gen Hank f access ion no. X 1.1763): GATA-7, 
262 (l). 5'- AAGCTGAGGCCTACAG ACACTCC-3 ' i 
UATA-1, 7*5 C"^ 5 *-C CGGT TCTG ACC ATTC ATCTTOT- 
3'. PCH conditions were dctiator<*tiOn W'C for 1 min (first 
step, .\ min). annealing at 65°C for ] min, and elongation at 
72X: for I min. For semiquantitative comparison of mRNA 
levels, .samples were removed every two cycles. Therefore, 
a difference of == 4-fold in OATA-l cDNA occurred between 
samples . 

RRSIJJ.TS 

The ex vivo effects of AS- ACHE were first tested in liquid 
cultures without Epu. RT-PCR amplification of roral cellular 
KNA revealed reduction oi"™90% in the iwo hematopoieti- 
cally expressed alternative ACHH mKNA forms (tf>, 17) in 
cultures treated for 2 hr with AS -AC HE, as compared with 
RNA from-S-A^H-E-^Jturcs;-|Fig._ I A):; Four days after 
A S-ACHE treat ment, A CHE mRNA increased in A S-ACHE 
cultures to levels at least 10-fold higher than in S-ACHE 
cultures and also higher than in fresh bone marrow (Hg. I A), 
As an additional control, we monitored the levels of actin 
mRNA (15); we found themjo be essentially similar at„2.hr 
and at 4 days. This indicated that AS -ACHE affected specific 
events thin determined the level of AC HE mKNA out were 
not relevant to the pi'ocessinr* of actin mRNA. To examine 
whether the delayed increase in ACHE mRNA in AS-ACHE- 
Ireaicd cultures was only one example of a wider change in 
transcription pattern, wc employed the approach of d iff ei - 
ential TH^K display (1#). This analysis, the relevant pan of 
which is presented in Fig. IB. revealed a considerable 
dillcrcncr between fresh bone marrow and each of the 
oligo-lrertted cell captures in the pattern of cDNAs amplified 
when an arbitrarily c hosen. PC H_ primer and an oligo(dT)- 
bascd primer (Fig. 1 H) were used. In particular, several PCR 
fragments were produced from the RNA preparations from 
cultured cells that were absent from the lane derived from 
fresh bone marrow KNA. Also, several other HCK products 
that were common to the bone marrow and the AS -ACHE 
sample were missing j'rOm the S-ACHE lime lit). Other 
PCR products were not produced from the mKNA of bone 
marrow or of S-ACH-F. cultures, yet appeared among the 
fragments from the AS-AC HE preparation (data not shownj. 

The cellular effects of these oligo treaimcnls were evaluated 
by counting cell numbers and detcrminiuj: colony count.* and 
compositions. In CJ ; Lf-MK cuJciircv grown for 4 days, AS- 
ACHE, but not S-ACHE, increased cell n ambers but reduced 
colony counts (Fig. 2 A and ft). This indicated poorer expan- 
sion of CFL'-MK progenitors but greater proliferative poten- 
tial for their progeny under A S-ACHE treatment than was 
seen in untreated cultures. InCFU-OEMM cultures £rowt» for 
8 days. AS-ACHE, but not S-ACHE. increased colony counts 
5-fold and eel J numbers 2-fold, with a peak effort at J 2 }*M 
compared wjth untreated cultures (/' < U.tHH ) ( Fig. 2 C and />}, 
riemoost rating dose-depcndcnl expansion and/or survival of 
progenitors. Thus, the expansion of progenitors, but not the 
general proliferative effect of AS-ACHE. appeared to depend 
on i'pu. 
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Fin . I . Transient dcxlnic tinn of A f! H b* m K N As h rut k i j h scquc nt 
inici^npriop^ changes under AS -A CHE irciutucm. iA) Quantifica- 
tion of ACHE mRNA levels by RT-PCR. RT-PCR was performed as 
detailed elsewhere (15). with lO<>-ng samples of total cellular KNA 
from cells in liquid cultures to which 2.5 juM AS-ACUb" orS-ACHR 
(15). pixjteeted by phi»sphi)rcjtliioates in the three ^'-lerminal posi- 
tions, hj*il hecn jtrtded ai iniumion ot'ciilmrc. KNA from fresh boae 
rnaiTOW served for comparison. The employed primers, selective for 
the moiiM: ACHK mKNA subtypes expressed in hematopoietic cells 
U6), were m Ac l.lnl H-J. V-CCGGGTCTATGCC rACATCTT- 
TGAA-3\ where 1301 is the nucleotide number (Oca Hank accession 
nrt. common Id all ACHE mRM.A forms, ami m Ac 24Q { j, 

V-AAOGAACAAGAC3GAGOGACAGGOCJ AA<JO\ where 240 is 
the nucleotide muubei in the- El I e\Oi\ iucludeJ in hetnatopoielii; 
mimse ACHIi mRNAs. This, pjiir of PCK pnmcrs. con amplify two 
Jiltcmativc ACHH cDNA ffagj)icn<s, 4^7 and 57? bp in length, 
representing two modes of alternative splicing thai occur in hone 
marrow ACV\t-: mRNAs (16, l?). KNA w^s cxir?c(cd after 2 hr or 4 
d?ys irj culture, or from fresh bone manow as detailed f L5j. with the 
add i Lion of miL-rncarTier (Molecular Research Center, Cincinnati). 
(#> Diffcremto! FCK display ot mKNA tran5.cripts from oligo- treated 
cultuie^. Differential amplification of Lola! cellular RNA* from <J-dny 
treated cultures or fresh horte marrow, as in A (above) was performed 
with 0.2-pLg samples essentially accordijxe to Liang aud Paidee ilfti, 
asitu? 1 fliM dNTPs an J the primers for HCK resclions: Kn i t ), 
.^•-AGAGTGClAGGCCATG-J'. and din AN (-}, 5*-TTTTTTT- 
TTTTAN-J'. [ff- 33 PJd--\TP (Amersliam) was used far Uhclinj?. Hx- 
pirsure was fori days ai -"?*rc. for JC^*. of reaction mixtures per kme 
nnd in parallel to a sequence Ladder Iseujuerice M13iupl^. with the 
staildaid primer included in the Sequena.se 2.(1 kit (Unilcd St-HtCS 
HkicricmicalJl (len^(h in nucleotides is on the right). Numbeied 
arrows denote PCR prodtictN conspicuous in AS-ACHK cu lucre (l«nc 
AS; Hand ?>), in bt>rh cell culnires, including the S> ACHE treated 
0»nc &\ bands 2 :ind 4). or in lx?nC marrow iDM) and AS-ACflli 
cultures (bands 1. and 6). 

The specificity of llie enlunicctncnl of Ch'L'-GKMM colony 
formation by AS-ACHE, observed under Epu stimulation, 
was further demonstrated by treating cultures wilh Ax>-BCHE t 
which blocked expression (12) of the closely related yet 
distinct {2) DCIIE ^enc. assumed lo serve as a "backup" tor 
ACffb tl). AS-BCHL: fiiiled to increase colony counts to a 
significant degree in CHJ-GliMM or CFU-MK cultures \t* < 
0.05, not shown), consistent with a dominant role for AcCho 
Eii^c as tompiired with hut yry I cholinesterase in myeloid, 
ervthroid, and megakaryocyte development (15). 

To determine whether the enhanced expansion of CH»- 
GEMM progenitors was associated with abrogation of apo- 
ptosis in the progeny cells, we evaluated yields and integrity 
of DNA (19) afrer addition of AS ACHE to the CoJlUrts. 
AS-ACHE-treated Cl'U-OEMM cultures yielded at least 
5-fold higher amounts of DNA than S-ACHE-lrcatcd or 
jiomrcated control CFU-f iF.M M cultures, con/irming chat 



Developmental Biology: Soreq ct uL 



/V<i< . XutL Acad. Sci. USA vj (1994) "909 



CfU-MK 



CFU-GCMM 




0 ? 



Fu'i. 2. fncTcasirn in colony counts and cell numbers effected by 
A$-ACHE©UgOS. Culture-; were grown as detailed in Materials ojuI 
Mvthtnh. One of eight and five reproducible experiments. respec- 
tively, is presented far colony counts (A and O and cell number* (tf 
and D) alter treatment with fully phosphorothioiued uligov 
AS- ACHE; *:. S-ACHF.. 

AS-ACJIK relieves fhe ex viva suppression of proliferation 
(Fig. $A). When equal quantities of Ihesc DNA preparations 
were clectrophorescd. blotted, and hybridized with a 




Hu- 3 AS- A OH h, suppresses heimuupoielic apoptuxis va vho, 
(A} AS- ACHE treatment increases DNA yields. Cells were picked 
and collected in cold TBS f 136 jjjM NaC 1/2-0 mM mM 
TnxHfl. pH 7.4), centrifuged 0500 x j*. 10 nii/l). and tvsed (1 hr. 
j7"C) with 0.3 m] of 100 mM tUTA/lO uiM Tris-HCI, pi I 8.0. 
containing RNase A at 20 ^g/iul and 0.5% SDS. After treatment with 
proteinase K (100 ^jz/mk 3 hr, SifC) hthI extraction with phenol/ 
chloroform. DNA \*zs precipitated at - 20°C with 28 jd of 4 M N.'iCl 
and 1 ml o!" 96% <vnl/vol) eih»nol, washed with 7ft«f j vol/ vol) 
elljamn. trir-drk-d. And dissolved in 20 fit of 1 mM F.nTA/l« mM 
Tris-HCVpH 7.4. Samples (11) /d) were denatured (65 r C. 15 luiu) Ll 
2 p\ of loading buffer (50 mM TiDTA. pi I 8.0/1?^ FicolJ/0.25^ 
bnomn phenol hlueK l?!^A was exlracled from 1 x l0- r 11^3- -+ 
Epo-induced cells cultured for 8 days in the absence (lane 1) or 
presence of In fiM totally phusphoiothioatcd S-ACIJE {lane 2) or 
AS ACHE (Innc }). Total mow Hints of extracted DMA from each 
cultuic and 0.1 fi% (Jane 4> and 1.0 pu. (Une ^; ot bone marrow DNA 
were electrophoresed (1.5% agarose, 1 .5 hr, 60 V) in the presence of 
cthirtiuiv) bromide and (IV-pholOyraphed. (J?) AS- AC HE circum- 
vent* DNA H ugfttentatiou in cultured bone marrow ccJl*>. The no led 
quantities of ON A from nan treated control (C) cultures or (hose 
treated with S ACHH (S> or AS-ACHH (AS) or bone marrow DNA 
fBM) were cloctropliorcaed as in A. To achieve adequate sensitivity 
of detection, the DNA w?<$ hybrim/ert with io<»] mouse DNA, 
labeled with s: P. Autoradiographic e*po$wc was for? days. Molec- 
ular si^e markers (fioehrin&et Mannheim) were electrophoresed hi 
p»™Hel fn$))i). A hdtlcT of olijcomicleosornex (si/cd on ihc lefl>, 
rctle cling apoptosit,, appeared in the conuoi cultures and in those 
[re a led wilh 5>- ACHFT. bul not in fresh bone marrow (BM J or in 0. 1- 
anJ 0.2-^jtg DNA samples from AS-ACH£-lrc»li:d cultures. 



labeled mouse genomic DNA pmbc : DNA from AS-ACHE- 
ticcited cells displayed pacterns sioMlar to those of native hone 
marrow DNA, whereus DNA from untrvulcd and S-ACHF, 
control cultures demons! nucd cons*picuous fragmentation, 
characteristic of apoplosis (19, 20 1 (Fig. As the abroga- 
tion of upoptosis was limited to AS- ACHE, the only oligo 
capable of inducing targeted dcsiruclion of hematopoietic 
ACHE mRNA ex vivo (Fig. I A) and in vivo (15). this 
suggested that ACHE mRNA expression limits proliferation 
by directing erythropoietic cells toward apoplosts. Further 
studies will be required to decipher the mechanism oi" Ihis 
effect. 

Macrophages from AS ACHE treated CFU-GEMM cul- 
tures appeared smaller, less vacuolated, and with unblcbbed 
cytoplasm and less condensed nuclei than those in control 
cultures, as expected from cells in which apoptosis had been 
suppressed <19>. They were also aggregated into large clus- 
ters < Fig. 4 A and B\ 4 suggesting modifica lions in their cell 
adhesion properties. In CFU-MK cultures AS- ACHE, but 
not AS-BCHE (Table 1), induced the accumulation of rela- 
tively prim i rive, small f>--5 in diameter: Fig. 4Di blast 
cells and macrophages, wilh corresponding decreases in 
early and late megakaryocytes. The blast cells were, in large 
part, imrinmoreactivc with <»nTi bodies to both glycophorin 
and glycoprotein ITb/HIa {vef. 21; results nol shown?, suff' 
gc sting that these were committed promegakaryocytes 
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Fjg. 4. AS- ACHE enhancement of macrophage produLliOn in 
the presence of fcpo + li^3 and of Wsi5i formation wirh 1L-3 Jdone. 
Colonies were haj'vested, stained, ond analyzed as described for 
Table I. i yfrMi.) {A) In (he presence of 1L--3 »■ Hpo, charflCteristk 
{>'(J-Crt»MM culture colonics include mimcrou* eryrhroblasts > lib). 
a few apporcntly Jtpoptotic macrophages iM<f>j. and rm.^alcaryocvies 
1MK). iBl AS- AC I IE (16 >iM. tot ully phosphoixu:hi(K>ledt -treated 
CFU-GEMM cultures wilh many M4k. early MK.k, and :i Kindle Kh. 
(C'l (n the presence of 1L-3 alone. Ch'U MK coloriies include 
pjiniaoly MKs and M4>s. tfJi AS-ACUTvireateil VlJ >iM. laially 
phosphormhinatcd; CPl.'-MK cwlW-r^ display cryrhroblait fornix 
iton nnri MK-r.ssociatcd Waits <MK-BL>. 
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and /or cry* hrob lusts (22). This notion was ^onMrmed by 
RT-PCR tests in which the mKNA encoding IrHnsvripiiuri 
(Uctur GATA-K specific for promepaka/yocylcs and cryth 
roblHsU l22». was amplified. A 1 0-fold increase in GATA-1 
mRNA occurred in liquid CFU-MK cultures treated with 
A5-ACHE. but not with S- ACHR, demonstrating enhanced 
crythropoiesis and megakaryocytopoiesis (data not shown). 
Neither AS-BCHE nor AS : ACHK promoted growth in the 
absence of both Epo and 11.-3. 

Jt is generally accepted Unit erythrocytes and mcftaJcjiryo- 
cytes share a common imiltipulcril stem cell progenitor (22) 
and that this progenitor* cell expresses both GATA-1 and 
AeChoEase at levels higher than thoye in myeloid cells (22, 
23). This is in line with the higher levels of ACHF inRNA 
(Fifc. 1 A) and fi ATA-1 mKNA in CFU-MK cetk 4 day* after 
the addition of AS-ACH1Z. when progeny blast cell* iieuutri- 
ulate in these cultures <i T i£- 40>. 

To further examine the sequence and lineage specificity of 
the ofigo effects, differential celt compositions were deter- 
mined. Dose-dependent increases in macrophage and gran- 
ulocyte fractions and corresponding decreases in megakary- 
ocyte and erythroid fractions were found in CFU-GEMM 
cultures after treatment with AS- ACHE, and to a much lower 
extent with AS-BCH1* {Table 1). In view of the increase in 
cell and colony counts (Fig. 2 C andZ>) r this indicated largely 
unchanged total numbers of erythrocytes and megakaryo- 
cytes. In untreated CFU-MK cultures no erythrocytes de- 
veloped, in line with the absence of Fpo. iU>(h the increases 
in macrophages and the decreases in megakaryocyte frac- 
tions in these cultures were more limited than in CFU- 
GEMM-cultures,Avliej ens-major fractions of early bla.st eclls- 
appeared under AS- A CHE treatment (Table 1). Thus, the 
progenitors that expanded under AS-ACT1E in CFU-MK 
~cuUurcs~differenticitcd successfully ""in to myeloid Cell linT" 
cages, whiJc their erythroid and megakaryocyte progenies 
remained in the blast stage. 

The mechanisms by which antisense inhibition acts are 
complex and incompletely understood (24). Resides' the in- 
tended ~ specific actional the level of mRNA (}4?. AS-oligus 
tnay also act ai the genomic level by insertion into (he major 
-groove of doubles tranded ON A at polypurine-'polypynmidinc 
.sequences, held there by Hoogstein base pairing. (25). A$ 
AS- AC If I: contains a G< homooligomer, we ihou^ht it prudent 
to search for triple- helix formation by this AS-oligo (15) with 
4C7/£ DNA (24. 25). However, ivc failed to find evidence for 

'I'xhlc 1. PiJfcceriLia! cell coutiis in A-S-oligo-i i eated lu] aires 



such hybrids, either with S-ACHE oligomers or with plasmid 
DNA.This made genomic tut c went ion unlikely and strength- 
ened the proposal that the targeted destruction of ACHE 
mKIVA, si i nil ar to the in vivo situation (15 J \vha t h e ca use of the 
ex vivo hematopoietic effects of AS- A CUE. 

We found that a 15-mer A5-oligo targeted to the ACHE gene 
induces transcriptional changes, expansion of progenitor*, 
and pml iteration of n0n1r;msformcd primary hone uuimow 
cells and suppresses apoptosis in their progeny. Increased 
proliferation was reported to follow treatment of u human 
endothelial celi line with an AS-oligo preventing the. synthesis 
Of interleukin i (26). Su rv i v ar/differci it iat ion-linked cfTccls 
were more recently reported lor the apoptosK-reJated 0cf-2 
gene {27). To the best of our knowledge, however, our 
experimental system is unique in the capacity to induce 
expansion of primary progeni tor cells i?jc i-jVo. This foreshad- 
ows further use of the differential FCR display approach (Fig, 
1: ref. 18) to identify and clone genes whose transcripts arc 
modified under suppression of hematopoietic apoptosis. 

At present, we cannot exclude the possibility that both the 
Stem cell expansion and the apopi otic effects described in (his 
report may be due to an indirect interaction of the AS- ACHE 
oligo with as-yeMmdelincd proteinic) in the treated cells (28). 
However, whether exhibiting a direct ant i sense ell eel or aciing 
indirectly, this AS-oligo reduce* ACHE m RNA tevcls at 2 
and thus "disrupts AcChoEase expression. The apopiotic con- 
sequences of rhis process may therefore be connected to the 
role of AcChoEase in hydro! yzing acetylcholine. Indeed, 
acetylcholine agonists have been shown to enhance cell divi- 
sion in nonnenronal cell cultures f29>. Moreover, the effects 

-ob.verved for AS-ACHE arc consistent with the arrest of 
hemaiopoicsis recently observed for the cholinergic leukemia 
inhibitory factor (LIF) (30). The homology with Dnistrphifa 
neiirotaclin (31) suggests that AcOiOlittsc affects apoptosis; 
through cell adhesion properties. However, the aggregation^ 
macrophage * ar high concentrations of AS-ACHh {l ; ig. 4), as 
well as under Ihe ellect of anli-AeChoRase antibodies C>2), 
weaken* this latter theory. Whatever the molecular basis of 
the action of AcChoEasc : our findings suggest that AcChof:- 
fide enhances hematopoietic apoptosis (9) white reducing the 

capacity of multipotent stem cells committed to myeloid, 
erythroid, and megakaryocyte lineages to expand. 
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Colonic we re picked, wi«hc<( twice in ptiosphaLc-birOcicd safinc (PHSk cyioccntrifuged C500 x ^. 5 mini. And At^mcd wifh Gujt's improved 
(.ileitis slain llitJHf tor niorp)iOli>^ieul elass-ificaimn (31 . 12). Foi immuTiiKrylochcmiCAl ^luiiiinj!. Lyloci:T>1riiu^ri c^lls were fjAcd for 10 mm in 
^CCfOiitr/iiwlh.innl (1:). vol/ vol), washed twice ID TBS, and icuru hated (fiO niin. room temperaturcl wilb mnT^Kloonl ajilibodies (mAhs) toward 
iluojrsccin isoihjooyoiiatc (FlTC)-hjhctcd human glycophorin flmmunotcch. Marseilles. PrjneeK selective for small. 5- [<■ H)-^m iiw meter, blast 
and cryihrvKl cells. Oi anti-CfPl Ib/JJIa (from B. S. CdIIct, Siony Brook), selective for early OJld ]Mt megakaryocytes <21 >. In the latter c^^c. 
fluorcsoenci: d«»r^elion was pcnV>rnic<f with «: .secc^nd anrj-.-nousc mAb labeled wilb HIX' Of Texas icd 1 AmLTsdiam). incn bid ions uiik mAbs were 
followed by lwt> washes wi*h |>HS wild 2„W- fcUl calf semrti and st;iintt\g with theCierriNa stain. ImmimrKinincd CO-lh were mounted in Lntellxo 
iMeivk) and fluorescence was observed with a Zeiss Axmpln/i th!orot»icn>secine. Macrophjij^es ^nd poIydKJj pbi>mu:le:ir CClh (fimnulocytes;. 
bodi uore-uctive wiih itio^e two antibodies, were distin(ruished by their vacuolized eylopJ^sms and muliilnhed nticlei, re spec live I v. tJatu represent 
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FVj. 5. Aiiti&cnsc prevention of apoptem* as an alternative to 
hematopoietic differentiation vx vin?. Reinforced pnolifeitrtiouof stem 
cells l circular urnvws) or enhanced diffcnrmiulion tslraighL solid 
arrows) of variously committed hcouitopoictic celts cxprcssinR differ- 
eni proteins determine colony and cell counts and tbeir differential 
composition. Differentiate*! Letts, inevitably undergo apoplosis 1 down- 
ward dashed orrow. Ict'll. Admird 5 1 ration of oligos thnr inlcrfcrc wiih 
expression of developmental! y im pot* ant genes such a* AC/JE 
(dashed arrows, raghl and bo Horn) may reverse these pnHicsNes, 
incTc:^>ing cell ond colony counts {upward nrrow), nnd /or altering cell 
composition within fcuiviving colonies. In. Cases where ioJiibitiOii of 
expression of these genes docs not inierfene with myelciid cell forma- 
tion, developmen t is diverted cow ard mycEoi'doRcncsis (Leftward ar- 
row). P.P.iJ..j>liiripoteiil stem cell: M.P.S.. multipoint stem cell: Ej\ 
erylhruid tell; MK. megakaryocyte; Nfy, myeloid ceil; acwl filled 
circles, ccll-surOice AcChofcnsc dinners. 

In ex vivo primary cell cultures AS- A CHE may be ex- 
pected to trigger hematopoietic stem cell expansion, as is 
schematically presented m-H*ig. 5. Under AS-ACHtt treat- 
ment, the imiltipotcnl stem cell progenitors iii CTU-MK 
cultures continue to proliferate. The hematopoietic balance is 
diverted toward myeloidogenesis and blast formation, n 
leukcmui-like profile (Fig. 5). The occurrence of myeloid 
leukemia in farmers exposed to AcChoEa^c-inhibilory orga. 
nophosphorus insecticides (o), ihc pronounced in vivo he- 
matopoietic effects of AS- A CUE (1 5). and the conspicuous in 
vivo production of active macrophages after injection of 
anti-AcC'hoHase antibodies into mice (32) may all parallel the 
— t*x vjvtf-cflccls of-AS- ACH E . — 

Interestingly, the suppression of apoptosis by AS-ACHR 
seems to be dominant over induction of differentiation by 
eylokinea. Defects in At'iftl gene expression, analogous to 
AS-ACHE inhibition, may therefore interfere with the pro- 
grammed death of normnl hematopoietic ceils. This can leave 
uncontrolled Hie differing growth- inducing activities of Epo 
O*}, Q-myc <34>. and bcl2 (30), which may lead to leukemia 
(6, ??). Under c.x vcV<; conditions, AS -AC HE may perhaps be 
used to improve preparations for bone marrow transplanta- 
tion. 

The AeChoEnse protein may mediate apopiolic effect* 
also in the embryonic nervous system, where ACHE gene 
expression peaks immediately after the surge of cell division, 
d uri ng tcrmi nal d iffercntiatio n of fc tal ncuro ns ( 4) . Th i 5 raises 
the possibility that AcChoEase is involved in t|ie long- 
delayed programmed cell death of neurons as well {36). Dual 
involvement in apoptosis and orientation toward cholinergic 
functioning eonW ihus explain the rules of AcChoEase in the 
multitude of cell types that express this protein, calling for 
awareness of the iatrogenic effects of cholinergic drugs and 
the consequences of careless agricultural use of organophos 
phopus AcChoEase inhibitors. 
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